vitreous body), whereas silicone oil can later be removed from the eye.
However, many aspects of this strategy are problematic. For instance, because both gas and silicone oil are less dense than water, they rise to the top of the eye. As a result, patients must tilt their heads forward into a prone position -sometimes for weeks -to keep the gas or oil bubble pushing against the retina, and to allow nutrients from the surrounding fluid to flow around the bubble and reach the lens to prevent the development of a cataract. Recurrent retinal detachments occur more commonly at the bottom of the eye, because the bubble rises when the head is not prone. Denser oils have been developed to push against the lower retina 4 , but have not been approved for use in the United States.
In addition, the presence in the eye of both gases and silicone oil can impair vision, because they refract light differently from the vitreous fluid. The use of gas bubbles also temporarily limits air travel, because a sudden rise in altitude results in expansion of the bubble and a rapid increase in intraocular pressure, which can close the central retinal artery. And if silicone oil is left in place long-term, tiny droplets can break off, blocking the eye's drainage channels and causing a subsequent rise in intraocular pressure that can damage the optic nerve -a condition called glaucoma that may persist even after the oil's removal.
An inert, biocompatible hydrogel (a waterabsorbing network of crosslinked polymers) could be better suited than gas or silicone oil for vitreous-body replacement. A gel that has the mechanical stability to hold the retina in place would not require head positioning, and would allow patients to maintain normal activities during their recovery. Such a gel might also be a safe repository for drugs to treat different disorders of the retina, because drugs could be attached to the polymers, and released in a sustained manner as the gel gradually breaks down over time.
However, existing hydrogels are prone to swelling in the eye owing to high osmotic pressure, which causes water to enter the gel. The osmotic pressure can be lowered by reducing the gel's polymer content, but this leads to another potential problem: the gel might not be firm enough to hold the retina in place for adequate periods of time. Moreover, lowconcentration polymers crosslink slowly, whereas fairly rapid crosslinking is needed for a gel to become firm during surgery, after the detached retina is repositioned but before the surgical procedure is finished.
Hayashi et al. have now developed a two-step process for the formation of a hydrogel with a low polymer content and desirable properties for vitreous-body replacement (Fig. 1a) . They started with star-like polymers that had either thiol groups or maleimide groups at their termini. As a first step, the authors mixed these mutually reactive polymers in two separate reactions, using either an excess of thiol groups or an excess of maleimide groups. They stopped this reaction, through dilution, before it formed a gel, to obtain polymer clusters whose surfaces displayed predominantly thiol groups (in one reaction) or maleimide groups (in the other). In a second step, the authors mixed the two types of cluster, to obtain a low-concentration hydrogel that does not swell.
The gel can crosslink within as little as 10 minutes of the clusters being mixed. The authors tested their gel by injecting it into the eyes of rabbits with detached retinas (Fig. 1b) . The retinas remained reattached after 410 days, with minimal evidence of toxicity or inflammation -so the gel is seemingly more biocompatible than gases or silicone oil 1,2 . Moreover, the gel remained optically clear, circumventing the visual problems associated with gases and oils.
These preliminary results are undoubtedly promising, but questions remain. Does the authors' low-concentration polymer have the mechanical properties needed for the repair of retinal detachment in model organisms such as pigs or primates, whose retinas are more similar to those of humans in terms of thickness and vascularity? Furthermore, the kinetics of gel disintegration were not studied here, and it would be helpful to know how long the gel can maintain its mechanical stability before it . The authors show that LCN2 also acts as a hormone that mediates hunger. The glycoprotein is produced by bone-forming cells called osteoblasts in a nutrient-sensitive manner, and stimulates hormone-receptor proteins on neurons in the brain to suppress appetite.
Mosialou et al. first examined mice that could not produce LCN2 in osteoblasts. These animals ate more food and gained more weight than wild-type mice, and their ability to metabolize glucose was impaired. Mice lacking LCN2 expression in all their cells showed the same traits, substantiating the importance of LCN secretion from bone. On the basis of these observations, the researchers hypothesized that LCN2 acts as a hormone to reduce appetite. LCN2 was first identified more than 20 years ago 4 , and mice that lack it were generated 13 years ago to study its role in immunity 3 , but the mild obesity in these mutant mice apparently went unnoticed.
The authors found that secretion of LCN2 from bone increased several-fold following a meal, indicating that its release into the blood is sensitive to nutritional signals. To demonstrate that LCN2 is really a hormone (a signalling molecule that is transported between organs by the circulatory system), Mosialou and colleagues gave the animals daily injections of purified LCN2 to achieve concentrations in the blood similar to those reached
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Bone-derived hormone suppresses appetite
The glycoprotein lipocalin 2 is released from the bones of mice in a nutrientdependent manner and binds to receptors in the brain to suppress appetite. This is the first example of bone-derived signals mediating hunger. See Article p.385
Years Ago
Several people have speculated on the thesis that if a sufficiently high concentration of an insect sex pheromone could be maintained in the atmosphere the sexes could not find each other for mating purposes … Their conclusion was that this could lead to control or possibly eradication of the species … We have for the first time obtained experimental confirmation that pre-mating communication between the sexes can be disrupted by permeating the atmosphere with an insect pheromone … The successful disruption of male orientation to females may be caused by sensory and (or) central nervous system adaptation to the pheromone … The result of this experiment indicates that economic control of an insect over large areas may be possible by behavioural control using sex pheromones. From Nature 18 March 1967
Mr. Moullin divides tumours by their mode of origin into two classes: one due to the sudden awakening of the innate reproductive power of the tissues, in virtue of which they give birth to "buds" that grow into tumours; the other due to details of structure not being carried out so completely as they ought to be. The distinguishing feature of the former class of tumours is their independence: they grow quite irrespective of the tissue in which they develop … Development is the influence which restrains the potentiality possessed by the cells of the tissues to multiply indefinitely, and is due to chemical influences. All that is needed, then, for tumour formation is some exciting cause, mechanical or chemical, to give the growth a start. From Nature 15 March 1917 after a meal. This treatment suppressed the appetites of wild-type mice, which lost weight compared with untreated control animals. Daily LCN2 injections in obese mice greatly reduced their weight gain and improved the ability of insulin to stimulate glucose uptake into cells.
Because feeding behaviour is controlled by the brain, the authors measured the amount of LCN2 in various brain regions, and found that it was most abundant in the brainstem and hypothalamus -regions that control feeding behaviour. When LCN2 was injected directly into the brain, it suppressed feeding as effectively as it did in the blood. The researchers concluded that LCN2 produced in bones circulates in the blood, crosses the blood-brain barrier and becomes selectively enriched in regions of the brain associated with appetite suppression (anorexia).
The discovery of a new hormone, especially one derived from bone, is itself intriguing, but Mosialou et al. set out to complete the story by identifying the receptor protein responsible for LCN2-induced anorexia. Clues to where this receptor might be found came from the authors' observation of LCN2 enrichment in the hypothalamus, combined with the fact that one of the best-established anorexia-promoting pathways is the signalling pathway involving α-melanin-stimulating hormone (α-MSH) 5 . In this pathway, α-MSH is produced by neurons in the hypothalamus and suppresses appetite by interacting with the melanocortin 4 receptor (MC4R), a member of a protein family called G-protein-coupled receptors.
Thus, the researchers explored the possibility that LCN2 somehow mimics α-MSH signalling. Indeed, they found that, in vitro, LCN2 stimulated production of an intra cellular signalling molecule, cyclic AMP, by cells that expressed any one of three melanocortin receptors (MC1R, MC3R or MC4R), but not in cells lacking these receptors; this finding supports the idea that LCN2 binds to melanocortin receptors. Of these receptors, MC4R is expressed in the brainstem and hypothalamus and has been linked to feeding behaviour 5 . The affinity of LCN2 for MC4R binding was similar to that of α-MSH, and LCN2 could compete with α-MSH for binding to MC4R, despite the fact that the two molecules have no obvious similarities.
Further proof that LCN2 promotes anorexia by activating MC4R (Fig. 1) came from Mosialou and colleagues' demonstration that LCN2 bound to slices of hypothalamus in which MC4R is known to reside, but not to slices from mice lacking MC4R. Most importantly, they showed that LCN2 had no biological effects on food intake or glucose metabolism in mice lacking MC4R.
People with mutations in MC4R are often obese 6 , and the authors showed that some of these people have elevated levels of LCN2 in their blood compared with weight-matched people without MC4R mutations. This result suggests that signalling from the brain to the bones controls LCN2 production in an attempt to establish homeostasis.
Although Mosialou et al. concentrated their efforts on the binding of LCN2 to MC4R in the hypothalamus, these receptors are also abundant on the vagus nerve, which projects from most internal organs to the hindbrain 7 , where it can activate a neural circuit that promotes anorexia 8 . These vagal MC4Rs are more accessible to circulating hormones than are hypothalamic receptors, because they do not lie behind the blood-brain barrier. As such, they may be involved in the everyday appetite suppression induced by LCN2 after a meal.
It is well known 9 that sepsis, a condition caused by bacteria, or experimentally induced by injecting rodents with bacterial lipopolysaccharide molecules, produces profound anorexia. LCN2 is robustly induced in many cells by this condition; hence, it may also contribute to the anorexia caused by sepsis 2 . Overall, it is remarkable that hormones can 1 report that, after mice eat a meal, absorbed nutrients are sensed by bone-forming cells called osteoblasts, which respond by releasing the glycoprotein lipocalin 2 (LCN2). LCN2 enters the bloodstream and circulates around the body, passing into the brain's hypothalamus. Here, the glycoprotein binds to melanocortin 4 receptor (MC4R) proteins on neurons. Neuronal activation by MC4R binding induces a signalling pathway that leads to loss of appetite. . Nitrogen is the main nutrient required for crop growth, and therefore needs to be added to boost crop yield -usually in the form of fertilizers and manure, but in some cases through nitrogen fixation by leguminous crops. However, on average, only about 42-47% of the nitrogen added to croplands globally is harvested as crop product 2, 3 . Most of the rest is lost to the environment, where it poses threats to human and ecosystem health on local to global scales. Writing in Global Biogeochemical Cycles, Mueller et al.
3 assess regional differences in nitrogen use around the world, and propose that reallocation of nitrogen resources would help to increase global nitrogen-use efficiency.
Crop yields respond to nitrogen addition differently in different regions 2 . In areas where farmers add little nitrogen to croplandssub-Saharan Africa, for example ( Fig. 1) yield is limited by nitrogen availability, which means that most of the nitrogen added to croplands is converted to crop products (Fig. 2a) . But in regions that have high nitrogenfertilization rates, such as China, yield is no longer limited by this nutrient. As such, additional input has a limited, or even negative, impact on crop yield (Fig. 2b) ; most of the added nitrogen is lost as air and water pollution. Other regions, such as Brazil and the United States, have favourable climate and soil conditions, or farms that use advanced technologies and management practices. In these regions, a high percentage of added nitrogen is converted to crop products even at relatively high nitrogen-fertilization rates (Fig. 2c) although the fraction lost to the environment is often still sufficient to have undesirable effects on air and water quality.
Using the historical record of nitrogen use for crop production from 1961 to 2009, Mueller et al. quantify the yield response to nitrogen input for 12 major world regions, and identify the optimal nitrogen allocation among regions that would maximize nitrogen-use efficiency for a given production target. The authors find that the spatial allocation of nitrogen became less efficient over the study period, and that nitrogen lost to the environment could be mitigated by 41% if the allocation among regions was optimized. Even greater mitigation is possible if nitrogen resources can be efficiently reallocated on a subregional scale.
But is internationally coordinated nitrogen use a realistic proposition? Could, say, Chinese farmers be convinced to apply less nitrogen to croplands, and the amount saved then be used in sub-Saharan Africa or Latin America? No intergovernmental mechanisms have been developed or are under consideration for this goal, but the increasingly interconnected global market might provide opportunities to promote the efficient allocation of nitrogen for crop production. For example, China imports about 70% of its soya beans from the United States and Brazil (according to data from the Food and Agriculture Organization of the United Nations; http://faostat.fao.org). The latter two countries produce this crop at much higher yield and nitrogen-use efficiency than does China itself 2 . Much more nitrogen and cropland would be needed for China to produce all of its own soya beans.
But although international trade might enable a more efficient allocation of resources across national boundaries, it could have un intended environmental consequences. China's importation of soya beans, for instance, has contributed to deforestation in the Brazilian Amazon 4 . More over, the main use for soya beans in China is in animal feed, so most of the nitrogen contained in the imported beans ends up in manure, adding to this country's nitrogen pollution.
A heavy reliance on foreign crop production can also expose importing countries to other risks. For example, the Middle East relies on wheat imported from Russia, but, in 2010, a heatwave in Russia led to a drop in wheat
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A plan for efficient use of nitrogen fertilizers
A global analysis finds that nitrogen fertilizers could be used more efficiently if their international distribution across croplands was altered -a measure that would also decrease nitrogen pollution. 
